$1 


i 
•  ¥ 

-  8 


BSl  J 


The  output  of  Fecal  Bacteria  as 
Influenced  by  the  Drinking  of 
Distilled  Water  at  Meal-Time 


Physiological  Chemistry 

M.  S. 
1912 


I 

THE  UNIVERSITY 


OF  ILLINOIS 

I 

LIBRARY 


f 


I 


Digitized  by  the  Internet  Archive 
in  2014 


http://archive.org/details/outputoffecalbacOOblat 


THE  OUTPUT  OF  FECAL  BACTERIA  AS  INFLUENCED 
BY  THE  DRINKING  OF  DISTILLED  WATER 
AT  MEAL-TIME 


BY 

NORMAN  ROBERT  BLATHER  WICK 
B.  S.  Grinnell  College,  1909 


THESIS 

Submitted  in  Partial  Fulfillment  of  the  Requirements  for  the 

Degree  of 
MASTER  OF  SCIENCE 

IN  PHYSIOLOGICAL  CHEMISTRY 

IN 

THE  GRADUATE  SCHOOL 

OP  THE 

UNIVERSITY  OF  ILLINOIS 


B6A 


UNIVERSITY  OF  ILLINOIS 

THE  GRADUATE  SCHOOL 


May  31, 


19612 


1  HEREBY  RECOMMEND  THAT  THE  THESIS  PREPARED  UNDER  MY  SUPERVISION  BY 


Norman  Robert  Blatherwiok 


ENTITLED     Tne  Output  of  Feoal  Bacteria  as  Influenced  by  the  Drinking  of 


Distilled  Water  at  Meal -Time. 


BE   ACCEPTED    AS   FULFILLING    THIS    PART    OF    THE    REQUIREMENTS   FOR  THE 


DEGREE  OF 


llaster  of  Soienoe. 


Charge  of  Major  Work 


Head  of  Department 


Recommendation  concurred  in: 


Committee 
on 

Final  Examination 


219464 


THE  OUTPUT  OF  FECAL  BACTERIA,  AS  INFLUENCED  BY  THE 
DRINKING  OF  DISTILLED  WATER  AT  MEAL  TIME. 

By 

N.  R.  Blatherwick. 
Historical . 

A  number  of  experiments  have  been  conducted  in  this  lab- 
oratory to  determine  the  influence  exerted  upon  the  processes  of 
digestion  and  absorption,  by  the  drinking  of  water  at  meal  time. 
Mattill  and  Hawk  (l)  experimenting  upon  normal  men,  assistants  in 
the  Department  of  Chemistry,  found  that  the  ingestion  of  water  at 
meal  time,  1000  cubic  centimeters  per  meal,  produced  a  better 
assimilation  of  the  protein  constituents  of  the  food,  as  indicated 
by  a  decrease  in  all  forms  of  fecal  nitrogen;  namely,  bacterial, 
0.2  per  cent  hydrochloric  acid-soluble,  acid-alcoholic  extractive, 
and  residue  nitrogen.      They  further  determined  that  when  500  c.c. 
of  water  were  ingested  at  meal  time,  no  positive  results  were 
obtained,  but  it  was  concluded  that  the  water  had  exerted  no  un- 
desirable influence.      Even  when  such  large  amounts  as  4  liters  of 
water  were  taken  at  meal  time,  no  bad  effects  were  sustained. 
Furthermore,  according  to  Mattill  and  Hawk,  the  beneficial  results 
produced  by  water  ingestion  were  of  a  permanent  character  rather 
than  temporary. 

Fowler  and  Hawk  (2)  had  previously  worked  upon  this  same 
problem,  using  as  a  subject  a  normal  student.      As  analyses  of  only 
three  stools,  one  for  each  of  the  three  periods  of  the  experiment 
were  made,  the  investigation  of  Mattill  and  Hawk  was  planned, 
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since  it  was  believed  that  the  data,  although  significant,  should 
be  further  confirmed. 

In  all  of  the  experiments  mentioned,  softened  water  had 
been  employed.      The  beneficial  influence  exerted  by  the  drinking 
of  softened  water  at  meal  time  having  been  indicated  by  these 
experimenters,  the  question  naturally  arose  as  to  whether  the 
drinking  of  distilled  water  at  meal  time  would  have  a  similar 
influence . 

It  has  been  quite  generally  supposed  that  distilled  water, 
on  account  of  its  lack  of  salts,  would  consequently  have  an 
untoward  influence  on  the  processes  of  digestion  and  absorption. 
So  far  as  is  known,  no  experiment  to  prove  the  truth  or  falsity 
of  this  belief  has  ever  been  performed.      Considerable  interest 
therefor  attached  to  the  results  of  these  experiments. 

Findlay  (12)  speaks  as  follows  concerning  the  influence 
of  distilled  water  upon  the  tissues.      "If  tissues  or  cells  are 
placed  in  distilled  water,  passage  of  water  into  the  cells  occurs 
owing  to  the  difference  of  osmotic  pressure.      The  cells  swell  up 
and  may  finally  burst  and  die.      A  similar  poisonous  action  on 
cells  is  observed  when  distilled  water  is  drunk.      In  this  case 
the  surface  layers  of  the  epithelium  of  the  stomach  undergo  consid- 
er able) swe  1  ling;  salts  also  pass  out,  and  the  cells  may  die  and  be 
cast  off.      This  may  lead  to  catarrh  of  the  stomach.      It  is  to 
this  action  of  pure  water  that  the  harmful  effects  of  melted  snow 
or  ice  i6  due,  since  freezing  purifies  the  water.      For  this 
reason  also,  one  of  the  springs  of  Gastein  has  come  to  be  known  as 
the  Poison  Spring,  although  its  water  is  purer  than  ordinary 
distilled  water . " 

If  Findlay* s  argument  regarding  the  pernicious  influence 
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of  distilled  water  ingestion  is  true,  a  very  decided  exception  was 
noted  in  one  of  the  fasting  experiments  made  in  this  laboratory. 
In  this  instance  a  dog  was  fasted  11?  days  (13)  and  received  a 
daily  ration  of  700  c.c.  distilled  water  by  means  of  a  stomach 
tube.      At  the  end  of  this  extremely  long  period  of  inanition,  the 
organs  and  tissues  of  the  animal  were  carefully  examined.  No 
signs  of  a  deranged  gastric  mucosa  were  in  evidence.      If  the  toxic 
influence  of  distilled  water  is  as  pronounced  as  Findlay  would 
have  us  believe,  certainly  a  period  of  117  days  is  a  sufficiently 
long  interval  in  which  to  demonstrate  such  an  influence.  This 
would  be  particularly  true  in  the  case  of  a  fasting  animal  whose 
resistance  to  such  toxic  influence  may  have  been  lowered  somewhat. 

Granting  the  validity  of  Findlay' s  claim,  his  contention 
cannot  be  advanced  as  evidence  of  the  harmful  influence  of  drink- 
ing distilled  water  with  meals.      Because  of  the  electrolyte 
content  of  the  average  diet,  the  distilled  water  would  cease  to 
function  as  distilled  water  soon  after  its  entrance  into  the 
stomach.      If  distilled  water  is  to  be  considered  as  having  a 
toxic  influence  upon  the  gastric  mucosa,  such  toxic  effect  must  of 
necessity  be  more  pronounced  when  the  distilled  water  is  introduced 
into  an  empty  stomach.      It  will  be  apparent  from  the  discussion 
which  follows  that  we  were  able  to  detect  no  harmful  influence 
exerted  by  the  distilled  water  in  the  experiments  herewith 
described . 

Incomplete  digestion  and  absorption  of  the  protein  part  of 
the  food  causes  an  increased  elimination  of  nitrogen  in  the  feces, 
or  may  result  in  an  increased  growth  of  bacteria  in  the  lower 
intestine.      Hence  any  experiment  to  show  the  behavior  of  bacterial 
growth  may  have  a  direct  bearing  on  the  problems  of  digestion  and 
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absorption.      It  may  be  argued  for  example  that  an  increase  of 
bacteria  shows  a  decreased  efficiency^  and  a  decreased  bacterial 
content  of  the  feces  indicates  a  more  efficient  functioning  of  the 
organs  of  digestion  and  absorptions 

METHODS . 

Fresh  samples  of  feces  were  used  for  all  analyses. 
Duplicate  analyses  were  made  in  all  cases,  approximately  two  grams 
of  fecal  matter  being  used  in  each  determination. 

Total  Nitrogen .      Two  samples  were  weighed  by  difference 
upon  quantitative  filters  (whose  nitrogen  content  was  known)  which 
were  then  transferred  to  Kjehldahl  flasks,  digested  in  the  usual 
manner,  using  copper  sulphate  as  a  catalyst,  distilled  and  the 
excess  of  alkali  was  titrated  with  N/10  sulphuric  acid,  congo  red 
being  used  as  an  indicator. 

Bacterial  Nitrogen .      The  method  used  for  bacterial 
nitrogen  was  in  general  that  proposed  by  Mattill  and  Rawk  (3). 
It  differed  in  some  of  the  details  from  the  directions  given  by 
these  workers. 

Two  grams  of  fresh  feces  were  weighed  by  difference  into 
a  50  c.c.  centrifuge  tube,  rubbed  up  with  0.2  per  cent  hydro- 
chloric acid,  and  the  bacterial  matter  brought  into  suspension  in 
the  usual  manner.      When  the  first  serial  centrif ugalizat ion  was 
completed,  about  one-half  the  suspension  was  transferred  to  a 
100  c.c.  centrifuge  tube.      The  experiment  was  then  continued 
using  the  larger  tubes  throughout  the  remainder  of  the  experiment. 
The  use  of  the  larger  tubes  shortens  the  time  of  the  sedimentation, 
at  the  same  time  making  as  good  a  separation  as  is  procured  by  the 
use  of  the  smaller  tubes.      Another  point  of  difference  was  in  the 
manner  of  transferring  the  bacterial  substance  to  the  Kiehldahl 
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flaeke  after  the  final  sedimentation.      It  was  found,  after  some 
experimentation,  that  the  bacterial  substance  settled  more 
completely  to  the  bottom  of  the  centrifuge  tube  when  the  bacteria 
were  suspended  in  sulphuric  ether  rather  than  ethyl  alcohol.  In 
all  these  analyses  the  sediment  from  the  alcohol  was  therefor 
centrifugalized  with  ether  the  sediment  being  transferred  to  the 
Kjehldahl  flask,  and  the  nitrogen  determined  as  under  the  method 
for  total  nitrogen. 

The  centrifuge  used  in  this  experiment  was  run  by  an 
electric  motor  which  developed  a  speed  of  1400  revolutions  per 
minute.      It  will  be  noted  here  that  this  is  a  slower  rate  of 
speed  than  is  generally  used.      More  will  be  said  of  this  under 
the  head,  comparison  of  bacterial  results. 

PLAN  OF  THE  EXPERIMENT. 

Description.      Two  students  in  the  University,  normal  in 
every  respect,  were  given  a  uniform  diet  for  several  days  or 
until  nitrogen  equilibrium  was  reached,  as  shown  by  analyses  of 
foods  and  excreta.      During  this  period,  which  shall  be  known  as 
the  preliminary  period,  100  c.c.  of  distilled  water  were  taken 
with  each  meal.      Besides  this,  200  c.c.  of  distilled  water  were 
ingested  by  subject  V  at  10  A.M.,  at  3  P.M.,  and  at  8.30  P.M. 
Subject  C  ingested  a  total  of  400  c.c.  at  these  hours.      After  the 
subjects  had  reached  nitrogen  equilibrium,  they  were  placed  on  the 
moderate  water  diet,  which  differed  from  the  preliminary  only  by 
the  addition  of  500  c.c.  of  distilled  water  at  each  meal.  This 
made  for  subject  V  a  total  water  ingestion  of  900  c.c.  during  the 
preliminary  period  and  of  3400  c.c.  during  the  moderate  water 
period.      The  values  for  subject  C  were  700  c.c.  and  2200  c.c. 
respectively.      The  duration  of  the  moderate  water  period  was  10 


days.      The  subjects  were  then  returned  to  the  diet  of  the  pre- 
liminary period,  this  period  being  called  the  intermediate  period* 
The  intermediate  period  was  5  days  in  length.      The  copious  water 
period  was  then  begun,  and  continued  5  days.      Thediet  at  this 
time  differed  from  that  of  the  preliminary  and  intermediate  periods 
by  the  addition  of  850  c.c.  of  distilled  water  at  each  of  the  three 
meals,  making  a  total  daily  ingestion  of  3450  c.c.  for  subject  V, 
and  of  3250  c.c.  for  subject  C.      The  diet  of  the  preliminary  and 
intermediate  periods  was  then  resumed  for  5  days  in  what  shall  be 
called  the  final  period. 

In  all  cases  charcoal  capsules  were  used  to  separate  the 
feces  of  the  different  periods.      Analyses  were  always  made  cn 
fresh  individual  stools,  unless  the  amount  was  too  small,  in  which 
case  it  was  placed  in  the  refrigerator  in  an  air  tight  receptacle 
and  upon  the  following  day  was  mixed  with  the  succeeding  stool  and 
analysis  made  on  the  composite  sample. 

Subject  V  was  24  yeais  of  age  and  weighed  58  kilograms. 
Subject  C  was  29  years  of  age  and  was  60  kilograms  in  weight. 

The  hours  for  meals  were  as  follows:  breakfast  7-7,30; 
dinner  12-12.30  and  supper  6-6.30. 

The  temperature  of  the  water  ingested  by  subject  V  was  14 
degrees  Centigrade,  whereas  that  ingested  by  subject  C  was  22 
degrees  Centigrade. 

The  diet  was  the  same  for  each  subject  and  consisted  of 
the  following  foods  per  msal:- 

Graham  crackers  100  grams 
Peanut  butter  15  grams 

Butter  25  grams 

Milk  400  cubic  centimeters 
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EXPERIMENTS  ON  MODERATE  WATER  DRINKING  WITH  MEALS. 

Discussion  of  results. 

Subject  C .      The  average  daily  exertion  of  nitrogen  in 
the  feces,  during  the  preliminary  period  was  1,236  grams.    Of  this 
amount  59*01  per  cent  or  0.729  gram    was  daily  excreted  as  bac- 
terial nitrogen.      The  subject  was  then  placed  on  the  moderate 
water  diet  and  we  note  a  decided  drop  in  the  average  total  nitrogen 
as  well  as  in  the  bacterial  nitrogen.      During  this  period  0.943 
gram  fecal  nitrogen  was  excreted  daily,  of  which  57,67  per  cent, 
or  0.544  gram  was  bacterial  nitrogen.      The  intermediate  period 
was  then  commenced.      It  will  be  remembered  that  here  the  conditions 
were  similar  to  those  of  the  preliminary  period.      Results  show 
that  0.924  gram  fecal  nitrogen  was  excreted  daily,  53.78  per  cent 
or  0.497  gram  appearing  as  bacterial  nitrogen. 

The  decrease  of  fecal  nitrogen  from  1.236  grams  in  the 
preliminary  period  to  0.943  gram  in  the  moderate  water  period, 
with  the  corresponding  drop  in  bacterial  nitrogen  from  0.729  gram 
to  0.544  gram,  is  somewhat  unusual,  inasmuch  as  the  previous 
experiments  in  this  laboratory  (1)  showed  moderate  water  drinking 
to  have  very  little  effect  on  the  fecal  nitrogen  excretion.  In 
fact  the  alterations  in  this  excretion  were  so  small  that  it  was 
not  possible  to  draw  any  positive  conclusions.      In  this  case, 
however,  we  have  clear  evidence  to  show  that  the  processes  of 
digestion  and  absorption  have  been  improved  by  the  addition  of 
1500  c#c.  distilled  water  at  meal  time.      The  beneficial  effects 
were  not  confined  to  the  water  period,  but  were  carried  over  into 
the  intermediate  period.      Although  there  was  but  0.047  gram 
decrease  in  bacterial  nitrogen  from  the  moderate  water  period  to 
the  intermediate  period,  the  per  cent  of  nitrogen  occuring  as 


bacterial  nitrogen  was  decreased  from  57,67  per  cent  to  53.78  per 
cent.      This  confirms  the  previous  findings  that  the  beneficial 
results  due  to  water  drinking  with  meals  were  not  temporary  but 
more  or  less  permanent. 

Subject  V.      During  the  preliminary  period  of  eight  days, 
the  average  daily  nitrogen  excretion  in  the  feces  was  1.512  grams. 
Of  this  59.43  per  cent  or  0.899  gram  was  bacterial  nitrogen. 
Under  the  influence  of  moderate  water,  the  daily  average  for  total 
nitrogen  fell  to  1.343  grams  and  the  bacterial  nitrogen  to  0.823 
gram.      On  the  resumption  of  the  original  condition  the  daily 
total  nitrogen  excretion  increased  from  1.343  gram  to  1.448  grams 
and  the  values  for  bacterial  nitrogen  from  0.822  gram  to  0.875  gram. 
The  differences  here  are  not  so  great  as  in  the  case  of  subject  C, 
but  it  will  be  seen  that  the  values  for  the  intermediate  period 
are  in  all  cases  less  than  for  the  preliminary  period,  showing 
again  the  beneficial  results  of  drinking  water  with  meals. 

EXPERIMENTS  ON  COPIOUS  WATER  DRINKING  AT  MEAL  TIME. 

It  will  be  recalled  that  this  experiment  was  a  contin- 
uation of  the  former,  the  intermediate  period  serving  as  the  final 
period  for  the  moderate  water  experiment,  and  as  the  preliminary 
period  for  the  experiment  on  copious  water  drinking  at  meal  time. 

A3  was  mentioned  before,  the  copious  water  period  differed 
from  the  intermediate  and  final  periods  in  that  850  c.c.  distilled 
water  were  added  to  the  water  ingestion  of  each  of  the  daily  meals. 
This  made  a  total  water  ingestion  of  3450  and  3250  c.c.  per  day 
for  subject  C  and  for  subject  V,  respectively. 

Discussion  of  results. 

Subject  C .      The  daily  excretion  of  fecal  nitrogen  during 
the  intermediate  period  was  0.924  gram.      Of  this  amount,  53.78 


per  cent  or  0,497  gram  was  bacterial  nitrogen.      Practically  no 
change  was  to  be  observed  upon  the  addition  of  the  extra  volume  of 
water.      The  values  for  the  water  period  were  0.924  gram  total 
nitrogen,  of  which  54.81  per  cent,  or  0.507  gram  was  of  bacterial 
origin.      Upon  the  resumption  of  the  conditions  obtained  in  the 
intermediate  period,  it  was  found  that  the  average  daily  excretion 
of  nitrogen  in  the  feces  had  increased  from  0.924  gram  to  0,967 
gram,  and  the  bacterial  nitrogen  from  0.507  gram  to  0,543  gram. 
It  is  interesting  to  note  that  the  values  for  total  nitrogen, 
bacterial  nitrogen  and  per  cent  bacterial  nitrogen  in  fecal 
nitrogen,  were  less  in  all  cases  in  the  copious  water  period  than 
in  the  moderate  water  period;  also,  that  the  values  for  the  above 
were  less  in  the  final  period  than  they  were  in  the  preliminary 
period.      This  would  seem  to  indicate  clearly  that  the  drinking  of 
moderate  quantities  of  water  with  meals,  2400  c,c.  daily,  had  a 
beneficial  influence,  while  the  beneficial  influence  of  larger 
quantities,  3250  c.c.  daily,  was  still  more  pronounced. 

Subject  V,      The  same  conditions  prevailed  here  as  in 
case  of  subject  C. 

The  average  daily  excretion  of  fecal  nitrogen 
during  the  intermediate  period  was  1,448  grams.      Of  this  60.41 
per  cent  or  0.875  gram  was  bacterial  nitrogen.      When  1000  c.c, 
distilled  water  were  added    to  the  water  quota  of  each  meal,  the 
average  daily  values  became  1.170  grams  for  total  nitrogen,  of 
which  57.72  per  cent  or  0.675  gram  was  bacterial  nitrogen.  This 
was  a  decrease  of  0,278  gram  in  fecal  nitrogen,  and  of  0,200  gram 
in  bacterial  nitrogen  daily.      Evidently  the  addition  of  water 
had  a  most  helpful  influence. 

When  the  extra  amount  of  water  was  withdrawn,  the  values 
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for  bacterial  and  total  nitrogen  increased  but  did  not  reach  those 
of  the  intermediate  period.      The  daily  excretion  of  fecal 
nitrogen  increased  from  1.170  to  1.253  grams,  and  that  of  bacterial 
nitrogen  from  0.675  to  0.693  gram.      These  data  again  demonstrate 
that  the  influence  of  the  high  water  ingestion  was  not  confined 
alone  to  the  interval  during  which  it  was  being  ingested. 

Another  interesting  comparison  may  here  be  made  between 
the  cases  of  the  two  subjects.      As  with  subject  C  the  values  for 
daily  excretion  of  total  fecal  nitrogen,  bacterial  nitrogen  and 
per  cent  of  bacterial  nitrogen  in  fecal  nitrogen,  were  less  in  the 
period  of  copious  water  ingestion  than  in  the  moderate  water 
period.      Also,  the  values  for  the  above  mentioned  were  less  in  the 
final  period  than  in  the  preliminary  period.      Thus  data  obtained 
from  two  subjects,  while  differing  in  detail,  show  the  same  general 
features,  moderate  amounts  of  water  producing  beneficial  results, 
while  larger  amounts  have  an  augmented  effect  for  the  better. 

CONCLUSION. 

The  ingestion  of  moderate  amounts  of  distilled  water, 
500  c .  c.  per  meal,  caused  a  decrease  in  the  amount  of  bacterial 
nitrogen  excreted  daily.      This  held  true  for  two  subjects.  One 
subject    responded  more  freely  to  the  influence  of  water  than  did 
the  other. 

When  large  volumes  of  water  were  taken  with  meals,  850  c.c. 
per  meal,  an  augmented  decrease  of  bacterial  nitrogen  excreted  daily 
was  observed.      This  was  more  pronounced  in  the  one  case  than  in 
the  other,  but  was  very  perceptible  in  both.      The  subject  respond- 
ing more  freely  to  the  influence  of  moderate  water  drinking  was 
influenced  to  a  lesser  extent  by  the  copious  water  drinking.  This 
was  the  result  naturally  to  be  expected  as  the  subject  most 
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influenced  by  the  moderate  quantities  of  water  had  already  felt  the 
beneficial  effects  of  water  and  was  therefor  not  in  a  position  to 
be  influenced  by  added  quantities  of  water.      The  other  subject 
was  only  influenced  to  a  small  degree  by  the  moderate  water  drink- 
ing and  was  thus  in  a  good  position  to  respond  to  the  influence  of 
copious  water. 

In  both  cases  the  beneficial  results  were  not  confined  to 
the  water  periods  but  continued  into  the  periods  following,  proving 
again  that  the  good  effects  of  water  drinking  with  meals  are  not 
temporary  but  of  a  permanent  character. 

Since  the  amount  of  bacterial  nitrogen  occurring  in  the 
feces  may  in  a  way  be  considered  an  index  of  the  utilization  of 
the  protein  in  the  food,  we  are  led  to  conclude  that  because  of  the 
decrease  of  bacterial  nitrogen  in  the  feces,  there  was  a  more 
efficient  utilization  of  the  proteins  and  hence  better  digestion 
and  absorption. 

The  drinking  of  distilled  water  at  meal  time  had  a 
beneficial  influence  on  the  processes  of  digestion  and  absorption. 
Moderate  quantities  produced  good  effects  while  larger  amounts 
caused  an  augmentation  of  these  good  effects.      Absolutely  no  harm- 
ful results  were  observed. 

COMPARISON  OF  BACTERIAL  RESULTS  OBTAINED,  WITH  REFERENCE 
TO  THOSE  OF  OTHER  EXPERIMENTERS. 

It  has  been  determined  by  previous  investigators  that 
10.96  per  cent  of  the  dry  bacteria  is  composed  of  nitrogen.  In 
these  experiments  the  bacterial  dry  matter  was  therefor  calculated 
on  this  basis. 

As  Ehrenpfordt  (11)  has  shown,  the  different  values  for 
bacterial  nitrogen  are  caused  by  a  diversity  in  the  centrifugal- 
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ization  procedure.      With  a  high  rate  of  speed  the  lighter  bacterial 
substances  are  thrown  out  of  suspension,  while  a  slower  rate  of 
speed  will  cause  more  of  these  particles  to  remain  in  suspension 
during  the  course  of  a  given  length  of  time*      Thus  it  will  appear 
to  be  almost  impossible  to  stop  at  just  the  moment  when  all  the 
non  bacterial  substances  havebeen  removed,  and  all  of  the  bacteria 
are  still  in  suspension.      Ehrenpfordt  has  further  stated  that 
entirely  comparable  and  trustworthy  results  are  obtained  by  any 
given  worker,  using  the  same  technique  throughout.      The  absolute 
values  are  not  so  important  as  are  the  relations  between  values  of 
different  parts  of  an  experiment  obtained  by  a  single  experimenter. 

Subject  V.      Thirty-two  stools  were  examined  and  analized 
for  fecal  bacterial  nitrogen,  the  method  of  Mattill  and  Hawk  (3) 
being  employed  with  modifications  as  stated  above.      The  per  cent 
of  dry  bacteria  in  the  dry  feces  was  found  to  vary  from  27, 7&  per 
cent  to  46.64  per  cent,  with  an  average  of  33,36  per  cent.  The 
percentage  of  bacterial  nitrogen  in  fecal  nitrogen  varied  from 
53.13  per  cent  to  76,14  per  cent,  the  average  being  58.82  per  cent. 
The  average  daily  excretion  of  bacterial  dry  substance  was  7.232  gm. 

Subject  C .      Thirty  stools  were  examined  and  produced  the 

following  results.  26.51  per  cent  of  dry  bacteria  were  found 

present  in  the  dry  feces.      The  values  varied  from  20.91  per  cent 

to  40.35  per  cent.      The  average  percentage  of  bacterial  nitrogen 

was  56.25  per  cent,  the  low  value  being  50.70  per  cent,  and  the 

high  value  64.34  per  cent.      The  amount  of  bacterial  dry  substance 

excreted  daily  was  5.146  grams. 

Bacterial    Dry  bacteria    Bacterial  nitrogen 

dry  in  in 

substance    dry  feces         fecal  nitrogen 

Subject  V  7.232  33.36  58,82 
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Subject  C  5.146  26.51  56.25 

Average  6.189  29.94  57.54 

Nutrition  experimenters  have  obtained  the  following 

results  for  the  amounts  of  dry  bacteria  excreted  daily: 
Strasburger    (4)  8.0  grams 

Sato  (5)  8.54  " 

Berger  and  Tsuchiya     (6)  3.023  " 

MacNeal,  Latzer  and  Kerr  (7)  5.34  n 
Matt  ill  and  Hawk  (3)      8.27  n 

Blatherwick  and  Hawk  6.189  w 

Values  obtained  for  the  percentage  of  dry  bacteria  in 

dry  feces  are  as  follows: 


Strasburger  (4) 

24.3 

per 

ee  nt 

Schittenhelm  and  Tollens(8) 

42.0 

■ 

n 

Lissauer  (9) 

8.67 

h 

n 

Tobaya  (10) 

11.22 

R 

tt 

Sato  (5) 

24.39 

It 

n 

Berger  and  Tsuchiya  (6) 

12.6 

tt 

n 

MacNeal,  Latzer  and  Kerr(7) 

26.9 

tt 

it 

Mattill  and  Hawk  (3) 

27,95 

If 

it 

Blatherwick  and  Hawk 

29.94 

fl- 

ft 

It  is  interesting  to  note  here  that  the  values  for  bac- 
terial dry  matter  and  for  per  cent  of  dry  bacteria  in  dry  feces 
obtained  from  subject  C  are  almost  identical  with  those  reported  by 
MaclTea]  ,  Latzer  and  Kerr.      Their  values  were  5.34  grams  and  26.9 
per  cent  respectively,  and  ours  5.146  grams  and  26.51  per  cent. 

Since  these  analyses  were  all  made  at  the  same  time, 
using  the  same  centrifuge  and  the  same  technique  and  uniformly 
higher  results  were  obtained  in  the  case  of  subject  V  throughout, 
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it  would  appear  that  no  hard  and  fast  value  can  be  laid  down  for 
the  daily  excretion  of  fecal  bacteria.      The  questions  of 
individuality,  diet,  and  speed  of  centr if ugation  are  important 
factors  in  bringing  about  the  final  results. 

Since  our  centrifuge  was  running  at  a  slower  rate  of  speed 
than  is  customarily  used,  we  perceive  at  once  a  reason  for  our 
higher  values  for  per  cent  of  bacterial  nitrogen  in  fecal  nitrogen 
and  for  per  cent  of  dry  bacteria  in  dry  feces;  a  further  cause  for 
higher  results  may  have  been  that  our  subjects  were  ingesting  a 
lower  diet  than  were  the  subjects  of  the  previous  experiments. 

CONCLUSION.      Two  subjects  fed  upon  a  uniform  diet  for  a 
period  of  slightly  more  than  one  month  were  found  to  have  a  value 
of  57.54  per  cent  of  bacterial  nitrogen  in  the  fecal  nitrogen. 
This  value  is  somewhat  higher  than  that  obtained  by  others,  but  is 
probably  nearer  the  exact  value  because  of  the  non-use  of  ether 
extraction.      As  Matt  ill  and  Hawk  have  pointed  out,  this  process 
gives  low  results.      The  average  daily  amount  of  dry  bacteria  as 
found  by  calculation  was  6.189  grams.      The  per  cent  of  dry  bac- 
teria in  dry  feces  was  found  to  be  39.94  per  cent.      Our  higher 
results  than  those  of  Matt  ill  and  Hawk  are  caused  by  the  slower 
centrifuge  used.      The  fact  that  our  subjects  were  consuming 
smaller  amounts  of  food  was  possibly  a  cause  for  higher  results. 


1.  Matt ill  and  Hawk 

2.  Fowler  and  Hawk 

3.  Matt  ill  and  Hawk 

4.  Strasburger 

5.  Sato 

6.  Eerger  and  Tsuchiya 

7.  MacNeal,  Latzer  and  Kerr 

8.  Schittenhelm  and  Tollens 

9.  LisBauer 

10.  Tobaya 

11.  Ehrenpfordt 

12.  Findlay 


13.  Howe,  Mattill  and  Hawk 
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